Critical ionizing groups in Aeromonas neutral protease.
Aeromonas neutral protease possesses two residues critical to its activity. One has a pKa of 5.5 in both the free enzyme and the enzyme-substrate complex and must be deprotonated for maximal activity. The other, which ionizes at pH 7.1 in the free enzyme and at pH 7.4 in the enzyme-substrate complex, must be protonated for optimal enzyme action. The protease is reversibly inhibited by aminoacyl hydroxamates, peptides containing a phenylalanyl residue, phosphoryl-L-phenylalanylglycylglycine, and by beta-phenylpropionyl-L-phenylalanine. The pH dependence of inhibition by the latter revealed that a residue with a pKa of 5.6 influences inhibitor binding. Compounds containing both a hydroxamido group and a chloroacetyl group are particularly effective in inactivating the enzyme, and inhibition is enhanced by hydrophobic residues. Thus, a 33-fold molar excess of chloroacetyl-N-hydroxy-L-phenylalanyl-L-alanyl-L-alanine amide rapidly inactivated Aeromonas neutral protease. Carbethoxylation experiments resulted in a 90% loss in activity which was fully reversible by hydroxylamine; spectral analysis indicated the involvement of a single histidine residue. Protection against both esterification and carbethoxylation was furnished by the presence of beta-phenylproprionyl-L-phenylalanine. Inactivation experiments suggest that a glutamic or aspartic acid and a histidine residue are responsible for the pKa values revealed by pH dependence studies.